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Abstract

This paper presents a haptic simulator that was de-
veloped to study the possibilities offered by the haptic
feedback in the field of the simulations of aeronautics
mounting/unmounting operations.

This prototype proposes a method to simulate forces
and torques with a 3-DOF haptic interface, when ma-
nipulating virtual objects. The rotations and transla-
tions are treated separately. An interaction paradigm
called the “Virtual Haptic Sphere” is used to make up
for the lack of torque feedback, and enable the opera-
tor to feel the collisions as if he/she is manipulating an
“actuated” trackball with force feedback. A simplified
haptic rendering is set up to send back the shocks.

The final plateform proposes different functionnal-
ities which have been informally evaluated by Airbus
France engineers. They approved the concept of the
haptic feedback which could make up for the gaps of
the current simulation tools.

1 Introduction

The use of haptic interfaces to shorten the devel-
opment cycle of aeronautical products is the backdrop
of the study. Among the various EADS activities, the
potential of the haptic feedback was mainly identified
in the field of the mounting/unmounting simulations
[3]. The design of aeronautic prototypes has to take
into consideration the assembly and maintenance con-
straints as early as possible in the development pro-
cess. Nowadays the physical mock-ups are progres-
sively replaced by virtual mock-ups. Maintenance en-
gineers should thus have the possibility to interact eas-
ily with the virtual mock-ups and to feel physically the
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sensations they are accustomed to. Haptic interaction
may one day answer to this need. The EADS CCR
haptic prototype was built to investigate this poten-
tial.

igure  Mounting of ipes nside an Aircraft Engine
ylon

igure illustrates a relevant mounting scenario
provided by the simulation division of Airbus rance.
t concerns the verification of the insertion of several
pipes inside the pylon of an aircraft engine. Engineers
must check that every pipe can be inserted in the py-
lon and determine the order of the insertion se uence.
The current simulation tools fail in providing intuitive
and easy functionnalities to solve such comple scenar-
ios. The need e pressed by Airbus rance engineers in
terms of haptic feedback concerns the feedback of the
shock information when manipulating the pipes inside
the irtual Environment E . This need constituted
the main ob ective in the software development of the
prototype.
As for assembly and maintenance simulations, both
forces of reaction and tor ues - i.e. the Degrees
f reedom D - seem to be re uired when the

he 6 D F in input are the three translations along the



user manipulates a part inside a E. However there
are few -D haptic device accomplished and low-
cost enough available on the market nowadays. The
haptic device used in the platform is the widespread
HANToM desktop [ |. The following study e am-
inates the possibility to simulate forces and tor ues
with this 3-D only force-re ecting device, and to
render the collisions between virtual ob ects. The so-
lution is based on a paradigm of haptic interaction
which treats separately the translations and the rota-
tions during the manipulation of virtual ob ects in the
E.

This paper will begin with an overview of previous
work in the field of haptic interaction in 3 D or
D with Es. t will be followed by a description
of the interaction paradigm which was chosen. The
shock rendering will then be described, followed by a
description of the platform of the prototype. t will
end with comments on the informal evaluation made
by Airbus rance engineers and a conclusion.

r iou or

The use of haptic feedback to simulate assembly or
maintenance activities is a ma or application of haptic
interfaces [3] [ ] [ ]. The force feedback seems indeed
compulsory to render the collisions between a manip-
ulated ob ect and the rest of the E.

The haptic simulation of collisions inside a E with
an haptic interface was initially studied within the
conte t of a point-based interaction, to e plore the sur-
face of virtual ob ects with the e tremity of a probe [ ]
[ ]. This only re uires the simulation of the reaction
forces along the three directions - i.e. it only needs 3
D in output. or an object-based interaction, the
collision rendering becomes more comple since the
reaction tor ues are also re uired. To make up for
the lack of D, researchers sometimes used two de-
vices linked together to simulate the tor ues during
the manipulation of virtual ob ects [ ].  ther simula-
tions used a straight -D haptic interface, such as
a -D HANTOM | ].

C. Hand [ ] stated that the relative lack of 3D input
devices was an early limitating factor in creating suit-
able 3D interfaces. Techni ues inevitably resumed to
using a D mouse along with various modes to make
up for the lack of D . A famous e ample is the ir-
tual Sphere used by Chen et al. to rotate an ob ect
with a D mouse [ | . The position and displacement
of the D mouse are used to define the rotation ap-
plied to the manipulated ob ect. A circle representing

three axes and the three rotations around the three axes. he
6 D F in output are the three forces along the three axes and
the three torques around the three axes.

the virtual trackball is drawn around the ob ect on
the computer screen. This approach inspired many
other interaction paradigms [ ]. t has recently been
applied to rotate virtual ob ects in 3D with a 3-D

HANToM, by using a constraint-based interaction
paradigm [ ]. The e tremity of the HANTOM is
constrained by force on the surface of a 3D virtual
sphere. The manipulated virtual ob ect is attached
to the sphere.  hen the stylus of the HANTOM is
moved, its motion defines a rotation angle which is
also applied to the manipulated ob ect. This enables
the user to manipulate precisely and easily a virtual
ob ect in rotation only. And it also introduces the
notion of haptic interaction paradigm.

Int r ction r di

The EADS CCR haptic prototype is based on
the HANToM desktop device. The HANTOM is
grasped via a stylus see igure on which e tremity
a switch is located. The desktop modelisa -D  in-
put device since both the position and the orientation
of the user s hand are sensed, but it is a 3-D  force-
feedback device, since only the forces along the 3 a es
are sent back to the user. t thus can not mechanically
return any tor ue information to the user.

igure EADS CCR Haptic rototype

A separate treatment of translations and rotations
is first chosen. The user is able to switch from the
translation mode to the rotation one by merely press-
ing a key on the keyboard. Some specific tasks may
become more di cult to achievethanin D | butin
the other hand this allows to render in a haptic man-
ner both forces and tor ues with the 3-D device.

The translation mode is treated in a classical manner.
hen activating the stylus switch, each displacement
of the stylus along the 3 a es is directly applied to the



virtual ob ect in the E see igure 3 . This repre-
sents the treatment of the 8 DOF in input.
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igure 3 Translation mode

As for the treatment of the 8 DOF in output, when
a collision occurs, a reaction force is sent back to the
user along 1, on igure 3. The direction of this
force corresponds directly to the one of the normal
g of the graphic contact plane g -

The same paradigm inspired by the Chen et al. [ ]
techni ue and proposed in [ ] is set up. t simu-
lates the use of a virtual trackball to obtain DOF
in input which are convenient to rotate the manipu-
lated ob ect see igure . A 3D virtual sphere, here
called the irtual Haptic Sphere HS , is mod-
eled around the manipulated ob ect. The center of
the HS initially corresponds to the center of inertia
of the manipulated ob ect but it may be arbitrarily
changed. The radius R of the sphere is calculated
as the di erence between the position of the center
of the HS and the position of the e tremity of

the HANToM h , when the HS is activated. A
force feedback constrains the motion of the e tremity
of the HANToM stylus on the surface of the sphere.

hen activating the stylus switch, each motion of the
stylus e tremity on the sphere defines a motion an-
gle and a rotation vector which are used to rotate the
manipulated ob ect.

This enables the 3D manipulation in rotation with
D . nce the switch is activated, the missing D
is the rotation around L - ut in addition to pre-
vious work [ |, the HS is also used to transpose the
missing DOF in output i.e. the tor ues. hen a
collision occurs, a reaction force can be sent back to
the user along } on igure . The direction of the
reaction force is the transposition of direction of the
graphic contact at the manipulation point 3

g - The final direction of 1} depends on the one
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igure  The irtual Haptic Sphere

of g and of the various positions of the manipula-
tion point h , the HS center , and the contact
point Cg . t is obtained by verifying ine uation
A Haptic Contact lane is defined see igure
which stops the trackball-like motion and constrains
the motion of the user - and thus the rotation of the
manipulated ob ect -on D hen in contact, the
e tremity of the HANTOM is constrained on a circle
defined as the intersection between the HS and the
Haptic Contact lane.

h h g g

The interaction paradigm finally allows to use the
HANToM as a 3-D  input/output device in trans-
lation, and as a -D  input/output device in rota-
tion. n this latter case, the user can feel the collisions
as if he/she is manipulating an actuated trackball
with force feedback. Ne t part will describe the sim-
plified haptic rendering which has been implemented
to render the shocks between the manipulated ob ects
and the other elements of the E.

oc nd rin
t S ] t ct

The collision detection used is the continuous colli-
sion detection C NTACT [ ]. C NTACT computes
the e act instant of collision between moving polyhe-
dral ob ects. or each ob ect, given two intermediate
positions, the algorithm computes an arbitrary tra ec-
tory on which the collisions with the other ob ects are
researched. At each simulation step, it provides a re-
port of collision containing all the colliding parts, and
the time associated to every collision which occured.



The C NTACT algorithm is used to provide the
time and the elements in collision which correspond
to the first contact that has occured between the ma-
nipulated ob ect and the E. hen several collisions
are detected, the simulation moves the manipulated
ob ect to the position reached at the first contact in-
stant tc on igure b .

ra ca atc tact a s

hen a contact is detected, a contact point and a
contact normal are computed on a haptic basis Ch,
h and also on a graphic basis Cg, g , as shown
on igure . These two couples define a haptic contact
plane and a graphic one, which are positioned slightly

di erently.
4a - Haptic Motion 4b - Graphic Display
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igure  Contact oints and Contact Normals

n a graphic basis Cg corresponds to the theoret-
ical point where the ob ects first collided during the
motion. n a haptic basis, Ch corresponds to the hap-
tic position of the HANTOM at the end of the user s
motion. 1, is e ual to the graphic contact normal in

the translation mode 1 g - utin the rotation

mode, 1}, is transposed at the manipulation point, as
it was already mentionned.

act re

hen a collision occurs, } and Ch define the hap-
tic contact plane. At the ne t step of the haptic loop,
if the position of the e tremity of the HANToM pen-
etrates inside this half-space, a force 1 begins to be
sent back to the user. This reaction force is calcu-
lated at each step n of the haptic loop, refering to
the well-known Hooke s law, according to e uation
n this e uvation, h;_ is the HANToM position at
the previous step n- of the haptic loop, and  the
sti ness of the collided ob ect.

n n-

The haptic plane re ects the local geometry of the
contact between the ob ects. n fact, since the ob ects

are polyhedral, it can be considered as an appro ima-
tion of the surface of contact between the two colliding
parts. t can also be considered as an e trapolation of
the point-based techni ues [ ] [ ] to an ob ect-based
case.

The force value is updated at the fre uency of the
haptic loop - i.e. H - which ensures a stable and
continuous force feedback. This force is sent to the
user as long as the haptic plane remains active. n the
rotation mode, the reaction force is simply added with
the force necessary to constraint the user s motion at
the surface of the HS - a more precise computation
is necessary and is currently developped. This sum
gives the final force that is sent back to the user at

H.

Irr sat

hen a contact is detected, a haptic plane and a
graphic one are handled in parallel, with a slight di er-
ence in position. This error is integrated, and in some
cases the di erence in position between the manipu-
lated ob ect and the e tremity of the haptic interface
may diverge. To solve this problem, a first method is
proposed. t consists in a compensation of the error,
which brings progressively the virtual ob ect towards
the position of the haptic interface, after the contact.

n practice, it implies that whenever the distance
between the haptic interface and the virtual ob ect is
higher than a given threshold, the displacements of
the virtual ob ect does not correspond e actly to the
one of the haptic device. A share of the current dis-
placement is assigned to the error compensation, and
to the motion of the virtual ob ect towards the posi-
tion of the interface. After e perimental testings, the
compensation share was set to of the displace-
ment.

The e ect of this method is illustrated in igure
, which shows the evolution of the positions of the
HANToM interface and the haptic plane, as well as
the reaction force, along the a is, at a sample rate
of  ms. The tra ectory corresponds to a moment of
the simulation when there are repeated collisions in
translation, in a given spot of the E. The position of
the haptic plane is largely stabili ed under the e ect
of the compensation.
This basic solution needs further improvements to
o er a more convenient haptic rendering, and also to
handle multi-contact situations, such as in [ ]. An-
other solution - more theoretical - is being developed.
Nevertheless, the first users of the prototype never
seemed to notice the visual phenomenon, and were
satisfied by the haptic feedback of the collisions. Since
the haptic rendering was not the main purpose of the
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igure  Error Compensation

study, the platform was thus presented with this sim-
ple solution.

rctritic ot rotot
tr ct r t A cat
The hardware platform is made of an S ctane
a HANToM Desktop device, a Spaceball the -D
input device from abtec [ ], and a pair of stereo-
scopic glasses.
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igure  Simulation oops

The software platform is made of three loops see
igure . The fre uency of the main loop depends
on the si e of the database. ith a low database
faces the fre uency of this loop was es-
timated as oscillating between  and H. The
graphic loop is activated by the main loop at a fre-
uency of appro imately H in stereo. The haptic
loop is built on the H ST library [ ], and its fre-
uency is of H . All these values are given here
as estimates, since the performance of the algorithms
is not the purpose of this paper.
S t c a
The prototype o ers the possibility to rely on the
non dominant hand for several tasks, by using the
Spaceball device. This isometric input device may be
used to move either the entire scene, the center of
the HS if one needs to change the pivot center of the

ob ect , or the part encountered by the manipulated
ob ect. n this latter case, a ma imum displacement
was achievable by this part, based on the tolerance of
the mock-up.
s a rs tat s

The scenario and the database were largely sim-
plified since they were reduced to the verification of
the insertion of one pipe inside the pylon see figure

. The position of the e tremity of the HANToM
in the simulation is visually displayed with a ball-like
cursor. The irtual Haptic Sphere is displayed as a
3D sphere in wireframe around the ob ect. The center
of the HS is also displayed as a ball on the screen, a
bit smaller than the one of the cursor.

Center of the VHS

Cursor

~.

vhs

igure The HSin se

raphically there are no penetration between the
manipulated ob ect and the other ob ects in the E.
g and Cg are used to draw a semi-transparent ar-
row on the visual display showing graphically the lo-
cation and direction of the contact. At each step of
the graphic loop, the amplitude of the arrow depends
on the one of the force sent back to the user by the
HANToM.

Di erent other visual representations were pro-
posed to the sub ect a color code red for the ma-
nipulated ob ect, green for the encountered one, and
blue for the other ones , or a transparency code only
the two colliding ob ects remain visible while the other
ones are only partially visible . An automatic oom-in
to the one of contact was also tested.

In or u tion

The haptic prototype of EADS CCR was eventu-
ally tested by  people coming from di erent oper-
ational entities of Airbus rance, during a 3-day ses-
sion. Among them, more than persons were di-
rectly involved in the process of verification of aircraft
maintenance. eople were able to evaluate the di er-
ent functionnalities of the prototype described in this



paper. They were asked to give their comments on
the prototype, and the potential of haptics in their
activities.

Al people were entrusting about the potential
of haptics concerning EADS applications, and specifi-
cally concerning the maintenance activity. The main-
tenance engineers were very interested by several func-
tionalities of the prototype. irstly, by the intuitive-
ness of the 3D manipulation, and especially by the
use of the two hands for separate tasks. Secondly, the
advantage of the continuous collision detection which
ensures that the operation is geometrically feasible as
soon as the ob ect successfully moves along the tra-
ectory. Thirdly, the haptic feedback was particulary
appreciated, for two reasons. nitially because it warns
precisely of a collision and may guide along the tra-
ectory. ut also because it gives the user the ine -
pressible sensation that the mock-up is more real ,
and that contact is possible with the virtual world, as
it is with their - more familiar - physical mock-ups.

However, the Airbus rance population was not fa-
miliar with haptic interfaces. Therefore a uantitative
evaluation is now to be performed, to validate the con-
cept in a professional conte t.

onc u ion nd utur or
The haptic prototype of EADS CCR consists
in a complete environment to simulate aeronautics
mounting/unmounting operations. t o ers di erent
paradigms to simulate forces and tor ues feedback
with a 3-D  force-refelecting device, to represent vi-
sually the collisions between the engineered parts, and
also to make a full use of both the user s hands.
Having tested this prototype, Airbus rance main-
tenance engineers have e pressed their interest and
their need in the technology that was demonstrated.
This promotes the concept of haptic feedback for the
simulation of mounting/unmounting operations, and
constitutes the first step in the process of introduc-
tion of the haptic technology in EADS activities.
uture work will first deal with an improvement of
the prototype on a software basis. The haptic ren-
dering must be improved to deal with multi-contact
cases. ther interaction paradigms will also be
tested and compared with real -D manipulation
using various devices. Eventually, a uantitative
analysis of the contribution of haptic feedback on an
aeronautic maintenance scenario is necessary, and
could be achieved for e ample by measuring the task
completion time with and without haptics.
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